The paper brings numerical classification of 48 new phytosociological relevés of dry grassland vegetation from the Slovenský kras Mts and the Aggteleki-karszt Mts located on the border between Slovakia and Hungary (Central Europe). We performed a comparison of two classification approaches (an unsupervised method -modified TWINSPAN, and a supervised approach -electronic expert system based on formal definitions of associations), which were applied on the same dataset. Four associations were distinguished: Campanulo divergentiformis-Festucetum pallentis Zólyomi (1936) 
INTrODuCTION
Vegetation of the unique dry grassland biotopes in the Slovenský kras Mts National Park and biosphere reserve (Slovakia) was studied by numerous top Slovak and Czech botanists in the past. The adjacent southern part of this karst area, the Aggteleki-karszt Mts National Park and biosphere reserve (Hungary), has been studied mainly for its flora composition. A detailed overview of botanical research in the study area was published in Michálková & Janišová (2008) . Since the area forms a homogeneous geomorphological unit, it is necessary to study its vegetation complexly. In Slovakia and Hungary, the dry grassland vegetation has been studied separately in the past, resulting in diverse syntaxonomical evaluations (borhidi 2003 (borhidi , Janišová et al. 2007 ). To link the two national approaches, a numerical analysis of all accessible relevés from the Slovenský kras Mts and Aggteleki-karszt Mts should be performed in the future (Dúbravková et al. in prep.).
The current paper brings actual vegetation data from the study area, which has been missing until now. During three vegetation seasons we organised fieldwork excursions to collect phytosociological relevés representing the actual species composition of the dry grassland sites including the vascular plants, bryophytes and lichens. The paper reveals new vegetation data of dry grasslands of the Bromo pannonici-Festucion pallentis and the Festucion valesiacae alliances. We compared classification of the dataset based on modified TWINSPAN algorithm (roleček et al. 2008 ) with classification performed using the electronic expert system for identification of associations (Janišová et al. 2007) . What is more, a typification of the Alysso heterophylliFestucetum valesiacae association is performed and a new locality of Stipetum tirsae, a newly recorded association in the study area, is mentioned.
MATErIAL AND METHODS
Study area
Slovenský kras Mts and Aggteleki-karszt Mts belong to a homogeneous geomorphologic unit with identical geological structure and flora ( Figure 1 ). It is into two parts by a boundary line between Slovakia and Hungary, which is over 50 km long (rozložník & Karasová 1994) . The territory of the Slovenský kras Mts and Aggteleki-karszt Mts is one of the greatest and very well developed karst areas in Central Europe. The today's geomorphology of the area reaches back to the history of the Neogene and Pleistocene ages. The ground water system divided the plateau area formed of limestone into a complex of plateaux with numerous surface as well as underground karst phenomena (karst rocky fields, karst hollows, caves, abysses, gorges). The major soil type is rendzina. Although forests cover the majority of the study area, the karst phenomena indicate rich presence of the xerophilous steppe vegetation in sunny slopes, rocky fields and edges of plateaux. based on Futák (1984) , the area belongs to the Pannonian phytogeographical district (Pannonicum), zone of xerophilous flora of the prae-Matra area (Matricum). However, it is in close vicinity to the Western Carpathian Mts and some montane species enrich the flora of this area.
Vegetation survey and data analysis
The phytosociological relevés used in the analyses were sampled by applying the principles of the The cover values of species in all relevés were transformed into the nine-degree ordinal scale (van der Maarel 1979) . Vegetation data were processed in the JuICE 6.5 software (Tichý 2002), which helped in all procedures -performing modified TWINSPAN analysis, applying the expert system and creating Table 2 .
For the purpose of numerical analyses, we have merged some problematically determinable species or subspecies, which were not determined in all relevés. These taxa are: Campanula sibirica (incl. The ploidity level of individual herbarium specimens was determined by Petr šmarda (Masaryk university brno, the Czech republic) using laboratory methods. The ploidity stage of Festuca valesiaca s. lat. is very difficult to determine directly in the field. According to our actual knowledge, the ploidity itself has no major influence on the syntaxonomical classification of the stands (Michál-ková 2007: 47).
The numerical classification was performed using the modified TWINSPAN algorithm, a divisive classification method sensitively respecting the internal structure of the data. As a heterogeneity measure we used the total inertia index. Three pseudospecies cut levels (0 %, 5 %, 25 %) were applied. The results of numerical classification are summarised in Table 2 . Percentage constancy (C) is given for each species in individual clusters. In small clusters (5 or less relevés) we indicate only the presence (P) of species in the cluster expressed as number of relevés with the species present. The diagnostic species for the clusters were selected subjectively. This selection rule was applied: constancy of diagnostic species was higher than 30 % and at the same time fidelity was higher than 0.3. As a fidelity measure, we applied the phi coefficient with the Fischer's exact test at the level of significance P<0.05 (Tichý & Holt 2006) . The size of all clusters was standardised to equal size. The dry grassland vegetation in the study area is very variable, frequently forming transitions between different communities. For this reason, and because of small number of relevés in each cluster, the diagnostic species mentioned in this paper are set as preliminary.
besides the unsupervised classification methods such as TWINSPAN, the vegetation data can be classified using methods of supervised classification. We compared the classification of relevés in Table  2 based on modified TWINSPAN analysis with the results of classification of the same dataset, using the electronic expert system for identification of associations (Janišová et al. 2007 , http://ibot.sav. sk/ES_trav_veg_Sk.doc). The expert system was designed using the Cocktail method (bruelheide 2000, bruelheide & Chytrý 2000), a type of supervised classification approach. It is based on formal definitions of associations using exclusively floristic criteria (the presence of sociological species groups in combination with species dominance). The expert system was created for the territory of the Slovak republic using a large stratified dataset comprising all vegetation types. In spite of this, we dare apply it also for the Aggteleki-karszt Mts in Hungary since the Slovenský kras Mts and Aggteleki-karszt Mts are a geologically and floristically integrated area. Classification procedure based on the electronic expert system was accomplished in two steps: formal definition criteria fulfillment, and similarity index calculation.
Nomenclature of vascular plants and lichens is in accordance with Marhold & Hindák (1998), nomenclature of bryophytes with Kubinská & Janovicová (1996) . The syntaxa names and assignment of species to diagnostic species for high-level syntaxa in Table 2 follow Janišová et al. (2007) . The following abbreviations were used in the paper: agg.
-aggregate, cl. -cluster, C-b -Cirsio-Brachypodion pinnati, E 2 -layer of shrubs, E 1 -layer of herbs, E 0 -layer of mosses and lichens, FPFI -frequency-positive fidelity index, incl. -inclusive (including), rel.
-relevé, subsp. -subspecies, s. lat. -sensu lato (in a wide sense) and s. str. -sensu stricto (in a constricted sense). The cover values of species in Table 2 were abbreviated as follows: 2a-a, 2b-b and 2m-m. rESuLTS
Syntaxonomy
We identified five associations of dry grassland vegetation in the study area. based on Janišová et al. relevé as correctly assigned to a proper association. The consensus of modified TWINSPAN and expert system classifications for the formal definition step, similarity measure step (FPFI) and their total is given in Table 1 . Summing up, the compatibility of the two types of classification of relevés in cluster 2 was high: based on the formal definition criteria fulfillment 20.8 %, and based on similarity index calculation 58 % of relevés were assigned to the identical association. based on the fulfillment of a formal definition of the Festuco rupicolae-Caricetum humilis association, 3 from the 4 relevés in cl. 3 where classified within this association. Table 1 : A comparison of classification of relevés in Table 2 based on modified TWINSPAN analysis with the results of classification using the electronic expert system for identification of associations (Janišová et al. 2007). Tabela 1: Primerjava klasifikacij popisov iz Tabele 2 med modificirano analizo TWINSPAN in rezultatom klasifikacije z elektronskim ekspertnim sistemom za prepoznavanje asociacij (Janišová et al. 2007 ).
In cases of the Campanulo divergentiformis-Festucetum pallentis and the Alysso heterophylli-Festucetum valesiacae associations, the results were not so plausible.
None of the relevés, that we identified as Campanulo divergentiformis-Festucetum pallentis according to the modified TWINSPAN analysis was classified within this association using the expert system. beside the small number of relevés in cl. 1, we believe the reason is in the untypical character of the sampled sites. Degradation and successional shifts in the species composition is remarkable in the high cover values of Anthyllis vulneraria (Table 2, rel.
1-4) and Bromus erectus (rel. 5).
The formal definition of the Alysso heterophylliFestucetum valesiacae association was fulfilled only by one relevé from cl. 3. The other two relevés showed the first to the third highest level of similarity coefficient FPFI for this association (one of them was rel. 35 -the newly established neotype of the association). The total agreement in the two classification approaches is 27 %. reasons for such a little correspondence might be found in a few factors. It is possible that the formal definition of the association is set quite narrowly, incorporating only a small number of relevés with very typical species composition. What is more, the variability of stands dominated by Festuca valesiaca s. lat. in Central Europe is hard to trace. The vegetation comprises numerous steppe generalists and a small number of specialists, which are diagnostic for the individual communities. Therefore, besides the typical stands, a lot of relevés miss the specialists for many reasons or just by chance. The specific character of the individual communities dominated by Festuca valesiaca s. lat. might be diminished by abandonment of the sites. The cessation of grazing leads to homogenisation of species composition of these fragile steppe communities.
Stipetum tirsae Meusel 1938 -a new association in the study area
We recorded an interesting stand dominated by Stipa tirsa in the Aggteleki-karszt Mts, locality Galyatetö (rel. In place of the diagnostic moss Weissia brachycarpa, W. controversa occurs in our stand. The numerical analysis showed a close relationship of this relevé to Festuco rupicolae-Caricetum humilis. both associations are the least xerophilous associations within the Festucion valesiace alliance. The slightly mesic character of the stand is fully reflected in the species composition (rel. 1). This also may be caused by shrubs, which partly shade the locality.
The stands of Stipetum tirsae are usually speciespoor (Meusel 1938 , Chytrý et al. 2007 ). relevé 1 includes as many as 42 species, however cover value of 14 species does not exceed 1 % (r). These species were leaf rosettes and isolated individuals, which penetrated into the stand from species-rich surrounding vegetation types (fringe vegetation and rocky dry grasslands). 
DISCuSSION AND CONCLuSIONS
The comparison of classification of the same dataset using an unsupervised method (TWINSPAN) and a supervised approach (expert system) brought some interesting points to discuss.
both of the classification approaches have advantages and disadvantages. The divisive (TWIN-SPAN) and agglomerative classification methods (cluster analyses) seek to find major gradients in data variability and the algorithm used creates clusters as homogeneous as possible, according to the internal information in the analysed data set. The variability of species composition in plant communities is usually continuous (Chytrý 2007: 20) . Therefore the "sharp edges" between clusters might sometimes be artificially defined. For the purpose of clusters' interpretation, the unifying features of clusters as complex units are emphasised. There is a risk that a cluster might include some rather different relevés just because they are most similar to this cluster concerning the whole analysed dataset. This might distort the results of classification.
On the other hand, the expert system applies an individual approach to relevés, which leads to a less generalised interpretation of classification. The supervised classification uses external predefined criteria of what the individual vegetation units should look like. These criteria are independent from the classified dataset. This means that the actually analysed data do not serve as a dataset for calibration of the classification. The expert system was calibrated by a dataset, which served for its creation -a stratified dataset including all vegetation types of the territory for which it was created (it was Slovakia in our case). Although the accuracy of correct classification of relevés depends on numerous factors, it still remains a great tool for relevés classification.
An important advantage of the expert system usage lies in the identification of transitional stands. For example, rel. 3 and 4 in Table 2 were classified as Poo badensis-Caricetum humilis; rel. 8, 19, 39, 40, 46 in Table 2 and rel. 1 mentioned in the text (Stipetum tirsae) were identified as Festuco rupicolaeCaricetum humilis. Although these results cannot be implicitly accepted by the modified TWINSPAN analysis and our field observations, it is evident that the species composition of these particular relevés is shifted towards the mentioned associations.
Concluding the results, we find combined usage of both unsupervised method (divisive or agglomerative classification) and supervised method (expert system) to be a very informative and favourable tool for the vegetation data classification. However, the expert knowledge and experience of a researcher performing the classification remain one of the key factors in correct interpretation of any classification approach. banská bystrica, Slovakia) determined the specimens of bryophytes; Ivan Pišút and Alica Dingová (Institute of botany SAS bratislava, Slovakia) determined the lichens; specimens of the genus Achillea were revised by Jiří Danihelka (Masaryk university brno, the Czech republic), the genus Festuca by Petr šmarda (Masaryk university brno, the Czech republic), the genus Orobanche by Jiří Zázvorka (Institute of botany AS Cr Průhonice, the Czech republic) and the genus Thymus by Pavol Mártonfi (P. J. šafárik university Košice, Slovakia). We are also grateful to Ján Kliment (botanical Garden of the Comenius university bratislava, Slovakia) for his comments on the typification procedure. We are deeply indebted to Eszter Illyés (Institute of Ecology and botany HAS Vácrátót, Hungary) for intense cooperation during the fieldwork and to Michael Harris (university of Liverpool, Great britain) who performed proofreading of the manuscript. This research study was funded by Slovak research projects VEGA 2/5084/25 and APVT-51-015804. Participation of the third author was possible due to the Czech research project AVOZ 60050516. 
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